Moisture damage is a major problem for asphalt concrete pavements. Water-induced damage of asphalt mixtures produces serious distress, reduces performance and increases maintenance cost of pavements. Moisture-induced damage produces several forms of distress, including localized bleeding, rutting, shoving and ultimately complete failure as a result of permanent deformations and cracking. This damage occurs because of stripping of asphalt from aggregate. Stripping is primarily an aggregate problem, but the type of asphalt is also important. Thus it is important to evaluate both asphalt and aggregate to be used in the mixtures.
Introduction
Many, countries lie close t o seashare:'. The roads; of these countries have a mGor {roblem because they are subjected to seawater and other weathering conditions. Moisture damage is a major problem for asphalt concrete pavements. Water induced damage of asphalt: :,mixtifres produces serious distress, reduces performance and increases maintenance cost of pavements. Moisture-induced damage produces several forms of distress, including localized bleeding, rutting, shoving and ultimately complete failure as a result of permanent deformations and cracking. This damage occurs as a result of stripping of asphalt from aggregate (Kennedy 1991).
The destructive influence of moisture in dense-graded asphalt concrete has been recognized for decades. Laboratory tests have been developed to predict potential moisture damage. The purpose of the tests is to assess the redesign of asphalt mixtures (changes of aggregate type, asphalt, and compaction) prior to paving in order to minimize the damage (Lottman 1982) .
The main objective of this research is to compare between the influence of tap water and seawater on the mechanical properties of dense graded asphaltic mixtures. To achieve this objective , Marshall tests on asphaltic concrete mixtures are used to evaluate the effect of water type on the asphaltic mixtures in a compacted state in order to find the interaction of all the mixtures constituents. Therefore, in this investigation Marshall test, indirect tensile strength test and vacuum saturation test were used.
The effect of sodium chloride on the properties of asphalt concrete mixes were investigated (Renken 1980) . Marshall samples were prepared at different voids content (2,5 and 8 vol.%) by varying the compaction effort. The compacted samples were cured in air, distilling water and sodium chloride solution. After curing, the samples were tested for Marshall stability and flow. It was concluded that voids content have a significant influence on the mechanical properties of asphalt mixes.
Materials
One type of coarse aggregate, which consists of calcareous aggregate with size (2112.5 mm), natural sand as fine aggregate and calcareous aggregate dust as mineral filler are used in this study. A series of tests were conducted to determine the properties of this aggregate according to ASTM tests [I]. The engineering properties of the aggregates are shown in Table 1 . Dense graded asphalt concrete mixture, 4C according to the Egyptian specification [2] was used in this study. 
Curing Water
Two types of water were used for curing of Marshall specimens in this study. Mediterranean sea ( 60 km west of Alexandria city and l m inside the sea ) and tap water. The chemical analysis of seawater is presented in Table 2 . 
Marshall Tests
To obtain the optimum asphalt content, 15 Marshall specimens were prepared and compacted using 50 blows / side at 5.0-, 5.5-,6.0-, 6.5-and 7.0 % (Three specimens at each asphalt value).
The properties of asphalt concrete mixtures at optimum asphalt content (6%) were as follows: Marshall stability equal 4.3 KN, flow value equal 3.8 mm and 3.4 vol.-% air voids. Therefore, the other specimens were prepared at optimum asphalt content (6%) with three different compaction efforts 35, 50 and 75 blows/ side. Voids ratio were 2.4,3.4 and 5.0 at 35,50 and 75 blowsfside compaction effort respectively.
Effect of Tap Water and Seawater on Stability Values at Different Degrees of Compaction and Soaking Periods
The influence ofwater types on the stability values at the different degrees of compa&ion .and soaking periods is shown in Table 3 . From this Table it can be noticed that:--Marshall stability decreased at both states of curing (Tap-and seawater).
Stability values using tap water for soaking was higher than that when using seawater at all degrees of compaction and soaking periods.
-Marshall stability decreased by soaking the specimens in tap water as well as seawater at all conditions of compaction and soaking periods, but the influence of seawater was more effective.
-Loss of stability influenced by compaction effort, soaking periods and water type (tap water or seawater). The highest difference in loss of stability between tap water and seawater occurred at 3-days soaking periods. Loss of stability at 14 days curing period in tap water were 71.6-, 58.4-and 49.5% at 35, 50 and 75 blowslside compaction effort respectively. In case of seawater, loss of stability ranged between 7.2-to 36.6 % more than the case of tap water according to the compaction effort and soaking time ( Table 4 ).
The relationship between Marshall stability (M), curing time (Ct) and compaction effort (Ce) was calculated by using computer program QS . The multi-regression relationship was as follows: 
Effect of Tap Water and Sea Water on Flow Values at Different Degrees of Compaction and Soaking Periods
The effect of water types on the flow values at different degrees of compaction and soaking periods is shown in Table 5 . From this Table it could be concluded that there is slight difference in flow and not trend can be noticed. On the other hand, the gain in flow values at 14 days soaking periods ranged between 13-to 16% for tap water and between 15-to 27% for seawater according to the degree of compaction. 
Indirect Tensile Strength
The tensile strength of asphalt mixture is a measure of pavement resistance to tensile stresses caused by traffic. For durable asphaltic mixtures, high tensile strength values are required. The indirect tensile strength was selected to study the fatigue properties of asphaltic concrete mixtures. In the test, Marshall specimens were loaded with a verticd compressive stress in the diametrical direction and the deformations in the direction of loading and lateral direction were measured.
In this investigation, the indirect tensile strength for dense graded asphaltic mixtures was studied at different degrees of compaction and varidus states of soaking period. Indirect tensile strength tests were perfofinWat room temperature using a vertical deformation rate of 50 mm/ min. Table 6 shows the indirect tensile strength values as a fimction of degrees of compaction, soaking type and soaking periods. From this Table it can be seen that the indirect tensile strength values increased with the increase in degree of compaction (35-, 50-and 75 blowslside). However, these values were significantly affected by increasing the soaking periods from 1 day to 14 days. At lower degree of compaction ,35 blows, the indirect tensile strength values were significantly affected by changing of the water type from tap water to seawater. However, at higher degrees of compaction 50 blows and 75 blows, these values were slightly affected by water type (Voids ratio is higher and consequently increasing of soaking periods is more effective). At 35 blows, the reduction in indirect tensile strength was 38% and 63% at 14 days soaking time for mixtures soaked in tap water and seawater respectively. After one day soaking time, the reduction in the indirect tensile strength using seawater was about 36%, 14% and 12% at 35,50 and 75 blows respectively.
The relationship between indirect tensile strength (ITS), curing time (Ct) and compaction effort (Ce) was calculated by using computer program QS . The multi-regression relationship was as follows:
where ITS = Indirect tensile strength, Nfmm2 Table 7 shows the results of strain at failure for mixtures at different degrees of compaction and soaking periods. It may be noted that the values of failure strain decreased significantly with the increase in degree of compaction, while the influence of increasing soaking time is significant only at 35 blowslside compaction effort.
Moreover, It can be seen that there was no trend of strain at failure by increasing the soaking periods from 1 day to 14 day?. Furthermore, mixtures with high degree of compaction, 75 blows, gave a lower strain at failure at different soaking periods and water type. From test results presented in Table   7 , it can be seen that changing water type from tap water to seawater does not affect the strain at failure at different degrees of compaction and soaking periods. 
Relation Between Marshall Stability and Indirect Tensile Strength:
In order to obtain a relation between Marshall stability (M) and Indirect tensile strength (ITS) of dense graded mixtures at different compaction levels and soaking periods, a statistical regression analysis was applied. Tables 3 and 5 Table 8 represents the values of two constants "a" and "b", the correlation coefficient and standard deviation for the six cases under study. According to the results given in this Table, it can be clearly seen that the tap water had a higher values of parameter " a" than the seawater at the same degree of compaction. It was also found that the value ofparameter " a" increased by increasing the degree of compaction from 35 blows to 75 blows.
On the other hand, it could be seen that the values of parameter " b" for mixtures using tap water were higher than those of mixtures using seawater at different degrees of compaction. Moreover, value of the parameter "b" was significantly influenced by increasing the degree of compaction from 35 blows to 75 blows at different water types. In case of tap water, it can be noted that the increase in the degree of compaction from 35 blows to 50 blows and from 50 blows to 75 blows, led to a decrease in the parameter " b" by about 53% and 57%, respectively. In case of seawater; by increasing the degree of compaction from 35 blows to 50 blows and from 50 blows to 75 blows, a decrease in the parameter "b" by about 64% and 60%, respectively were noticed.
Generally, it can be concluded that the two parameters "a" and "b" depend on the experimental results, type of water and degrees of compaction used in this investigation.
Properties of Mixtures Using Vacuum Saturation Tests
Vacuum saturation test consists of immersing the specimens in jars filled with tap water, pulling a 26-inch Hg vacuum and keeping the submerged specimens in jars for 1 day ,3 days, 7 days and 14 days at atmospheric pressure. After that, the specimens are submerged in a water bath at the test temperature for 30 min. The water under pressure forces the air in specimens voids to leave, then the water tills the voids. By these methods of tests, the deterioration of specimens becomes more effective. After soaking periods the specimens were tested using Marshall test machine. Maximum stability-and flow values are determined. Referring to Table 9 , it appears that soaking periods has an influence on the properties of dense asphaltic mixtures using vacuum test. It should be noted that stability values before soaking is. approximately from 2 or 3 times higher than those produced after 14days soaking according to degrees of compaction. Furthermore, the results showed that there is no appreciable difference between the Marshall properties of dense graded asphaltic mixtures using vacuum saturation test and traditional tests. 
CONCLUSIONS
Based on the results and analysis presented in this research, the following can be concluded.
